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R666Sensory Biology: Bats Feel
the Air FlowA new study shows that hairs on the flight membranes of bats act as airflow
sensors. Neurons in the brain that are sensitive to touch respond to stimulation
of the hairs, and removal of the hairs compromises flight performance.Gareth Jones
Bats can fly in complete darkness
with breathtaking agility and
manoeuvrability (Figure 1). For many
years, research has focussed on the
role of echolocation in orientation
during flight. Echolocating bats call at
rates of up to 200 calls per second
during the capture of insects [1], and
split-second changes in flight speed
and trajectory are necessary so that
bats can respond rapidly to returning
echoes. However, responding to
feedback about changing aerodynamic
conditions is also crucial for precise
flight control. Exciting new research by
Susanne Sterbing-D’Angelo and
colleagues [2] now reveals a novel
mechanism for flight control in bats.
The study is particularly impressive
because it uses a range of approaches
from neurophysiology to
aerodynamics, and also involved
functional experiments.Figure 1. Sensing the air flow.
Bats, such as this Mediterranean horseshoe bat
obstacles when flying in the dark. New researc
addition to remarkable echolocation abilities, c
Nill/naturepl.com.How bats can fly with such agility in
the dark has long puzzled scientists,
and the use of tactile and auditory cues
for flight control has been long
debated. In 1794, Lazzaro Spallanzani
showed that bats could still orientate
even after they have been blinded.
Spallanzani was intrigued by whether
touch may play a role in obstacle
avoidance, perhaps either by the bat’s
wings making brief contact with
obstacles, or by the wings detecting
reflected air currents created initially
by wing movements [3]. Indeed,
Spallanzani investigated whether the
wings played a role in obstacle
avoidance experimentally by covering
the wings with varnish or flour-paste.
Interestingly, Spallanzani noted that
‘‘a second and even a third coat of
varnish does not hinder the normal
flight of the animal’’ [3].
Although Spallanzani abandoned the
hypothesis that touch played a role in
obstacle avoidance and the Swiss(Rhinolophus euryale), are adept at avoiding
h shows how sensory hairs on the wings, in
ontribute to flight control. Photo by Dietmarbiologist Louis Jurine had shown that
hearing was essential for orientation
in the dark, the ‘sensitive wings’
hypothesis was championed by the
influential French anatomist Georges
Cuvier, who proposed that bat skin was
especially sensitive to air movements.
Indeed, Cuvier concluded that ‘‘the
organs of touch seem sufficient to
explain all the [obstacle-avoiding]
phenomena which bats exhibit’’ [3].
Of course, Cuvier’s strong statement
was largely wrong. Following Griffin’s
and Galambos’s pioneering
experiments in 1938 showing that
bats emit ultrasonic calls and
interpret their echoes [4,5], it has
become clear that bats primarily
use echolocation to orientate in
the dark.
Nonetheless, Cuvier’s influential and
erroneous reasoning may now turn out
to contain a subtle truth given that
the new work by Sterbing-D’Angelo
et al. [2] suggests that tactile sensory
input does indeed contribute to flight
control in bats. As early as 1871, the
Czech anatomist Joseph Scho¨bl had
noted that bat wings were covered
with extremely fine, scattered hairs
on both surfaces, and estimated that
up to 10,000 hairs with sense-bodies
at their base may be present on
both wings [6,7]. In their study,
Sterbing-D’Angelo et al. [2] found two
types of hair on bat wings: one type is
typically several millimetres in length,
resembles body hair and is most dense
close to the limbs and on the tail
membrane; the second type is
a sensory hair. These occur in rows, are
very short (100–600 mm long, 2–900 nm
tip diameter) and are invisible to the
naked eye. Scanning electron
microscopy revealed that these
sensory wing hairs protrude from
domes on the wing membrane,
sometimes with several hairs per
dome, and they are found at a density
of about one hair per square millimetre.
Tactile receptors, so-called Merkel
cells, occur at the base of these hairs.
Merkel cells are a vital component of
the somatosensory system in
mammals [8] and may respond to
changes in the direction, magnitude
and duration of movement of the
associated hair.
Next, the authors [2] quantified
neurophysiological responses to air
disturbance at the sensory wing hairs
by recording neural responses in
the primary somatosensory cortex
Dispatch
R667(S1) — an area of the brain that
processes information related to touch
[9]. The S1 neurons responded to air
puffs at the sensory wing hairs, but the
response disappeared after removal of
the hairs. Moreover, responses were
directional, with hairs at the trailing
edge of the wing being most sensitive
to airflow from the rear. Such
a directional response may be adaptive
because reverse airflow detected by
Merkel cells may indicate turbulent
conditions associated with the risk of
stalling.
While these results are in themselves
interesting, they don’t prove what
the actual function of these hairs
and the associated sensory cells is
in flight control. To this end, the
authors [2] followed flight paths of
bats in the dark either in an artificial
forest, or in an obstacle course. When
the wing hairs were removed, the bats
flew further from objects (1.3–1.4 m
compared with 0.9 m on average),
made wider turns and flew faster.
Adjustments to flight performance
may be the consequence of the
bat’s flight speed monitors being
removed by depilation — input to
the somatosensory system from the
sensory hair cells is lost and the
bat increases its flight speed to
compensate. Increased flight speed
may also reduce stalling risk. Selective
hair removal showed that the hairs on
the trailing edge of the wing had an
especially important role for adjusting
flight speed.The sensory hairs on bat wings can
be viewed as being to some extent
analogous with the pitot tubes used by
aircraft to measure airflow. Pitot tubes
measure differences in air pressure to
calculate flight speed. Malfunctions of
pitot tubes can result in incorrect
measurement of airspeed, resulting in
stalls, sometimes with catastrophic
consequences. Although the sensory
hairs on bat wings are measuring
speed in different, and as yet
unresolved, ways, their functional
role is analogous.
Some insects have hairs sensitive to
airflow on their body [10], while other
animals have evolved rather different
mechanisms for flight control. Flies use
highly modified rear wings (halteres)
which function as gyroscopes to detect
information about pitch, roll and yaw
for stabilisation in flight [11]. Moths
face similar problems to bats in that
they need to control flight in the dark,
and hawk moths use their antennae
and mechanoreceptors at their bases
to detect gyroscopic forces in an
analogous way to the halteres used by
flies [12]. Birds may use the large
numbers of Herbst corpuscles in their
wings for flight control, as these
mechanoreceptors are very sensitive to
acceleration and respond to vibrations
of wing feathers [13]. Hence, sensory
wing hairs appear to be unique to bats,
and unravelling the details of their
function and the stages that resulted in
their evolution will be a fascinating
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